SUMMARY Ninety-two patients had corrective operation for truncus arteriosus between 1%7 and 1975. During the first 30 days after surgery, 23 patients died. No significant differences appear between early mortality and sex, type of truncus, variations in pulmonary arterial anatomy, truncal valve regurgitation, associated anomalies, previous operation, or duration of extracorporeal circulation. Greater risk is probably encountered with the higher but still operable levels of pulmonary resistance. Reoperation has been required in three patients. The basic steps of the operative repair as originally described64 remain essentially unchanged: 1) separation of tom-free, with all but two of the remainder (38%) being in NYHA functional class II. The late result is suggestively less satisfactory in patients with significant preoperative truncal valve regurgitation. Some late complications related to deterioration of the earlier aortic homograft conduit may be avoided by use of a porcine valve Dacron conduit. The current operative mortality of 9% (last 33 operations), the overall late mortality of 9%, and the well-being of 97% of surviving patients suggest the continued advisability of recommending operation for appropriate patients. the pulmonary artery (or arteries) from the truncus and closure of the resulting truncal defect; 2) longitudinal right ventriculotomy and patch closure of the ventricular septal defect; and 3) establishment of continuity between the right ventricle-and the pulmonary artery. In the initial group of 59 patients, a homograft of ascending aorta, aortic valve, and anterior leaflet of the mitral valve was used to establish such continuity; since November 1972 a Dacron conduit hearing a porcine semilunar valve, prepared and preserved in glutaraldehyde,* has been inserted between the right ventricle and the pulmonary artery in 33 consecutive patients.
The late results of this operation have not been reported. This is a study of the complete Mayo Clinic experience with surgical repair of truncus arteriosus.
Clinical Material
From September 1967 through January 1975, 92 patients underwent corrective surgery for truncus arteriosus at the Mayo Clinic. Fifty-six patients were males and 36 were females, ranging in age at the time of operation from 14 months to 21 years (median 7.3 years). The anatomic findings of the truncus arteriosus complex at the time of surgery and their relative incidence are summarized in table 1 . According to the classification recently proposed by Edwards and McGoon12 for anomalies in which the pulmonary arterial supply has no direct origin from the heart, conditions previously termed truncus arteriosus type IV are not included in this series since no true pulmonary arteries are present,'2, Is and the more appropriate name is absence or atresia of the pulmonary arteries. We reviewed the operative reports in the two patients we had previously classified as truncus arteriosus type III and found that, in both, the pulmonary arteries originate from the posterolateral aspect of the ascending aorta. Therefore, we have reclassified these two patients as truncus arteriosus type II.
Operative Technique
The basic steps of the operative repair as originally described64 remain essentially unchanged: 1) separation of tom-free, with all but two of the remainder (38%) being in NYHA functional class II. The late result is suggestively less satisfactory in patients with significant preoperative truncal valve regurgitation. Some late complications related to deterioration of the earlier aortic homograft conduit may be avoided by use of a porcine valve Dacron conduit. The current operative mortality of 9% (last 33 operations), the overall late mortality of 9%, and the well-being of 97% of surviving patients suggest the continued advisability of recommending operation for appropriate patients. the pulmonary artery (or arteries) from the truncus and closure of the resulting truncal defect; 2) longitudinal right ventriculotomy and patch closure of the ventricular septal defect; and 3) establishment of continuity between the right ventricle-and the pulmonary artery. In the initial group as pulmonary resistance is increased over 8 units m2 or the ratio of pulmonary vascular resistance to systemic vascular resistance is above 0.60. The ratio of systolic right ventricular pressure to systolic left ventricular pressure (RV/LV) measured intraoperatively after repair had an opposite effect on the risk of operation than that expected (i.e., it was found that the lower the ratio, the higher the risk of operation) but did not reach statistical significance.
A gratifying reduction in the risk of operation during the evolution of this experience (table 7) is emphasized by comparing the 9% risk in the recent series of 33 patients, in whom a valved Dacron conduit was used, to the 34% risk in the earlier group, in whom continuity between the right ventricle and the pulmonary artery (or arteries) had been established by means of an aortic homograft.
Late Results
Follow-up information to May 1975 was obtained for all 69 survivors, either by re-examination at the Mayo Clinic or by response from the referring physician or the parents to a special questionnaire. The follow-up varied from four to 92 months after repair, with a median period of 36 months.
Six patients have died 2-38 months after the operation, a late mortality rate of 9%. Details of these patients are given in table 8 . The actuarial survival curve for the patients surviving the first postoperative month is shown in figure 1 . Table 9 summarizes the late complications and their relative incidence. Three patients required reoperation (4%): the first for residual ventricular septal defect; the second for associated residual ventricular septal defect, incompetent homograft valve, and perforation of noncoronary cusp of the truncal valve, probably secondary to Candida sepsis; and the third for dehiscence of the proximal anastomosis of the homograft resulting in a large false aneurysm that compressed the graft. Closure of the residual ventricular septal defect was performed in the first two patients, with additional repair of the truncal valve cusp and replacement of the aortic homograft with a valved Dacron conduit in the second, and insertion of a new homograft from the right ventricle to the distal graft in the third patient.
The clinical status of the 63 late survivors is as follows: 37 patients are classified as being in functional class 1 (59%), 24 in class 11 (38%), one in class III (having overt signs of congestive heart failure), and one patient cannot be classified because he is confined to bed by central nervous system injury incurred at the time of operation. This last patient suffered a cardiac arrest before institution of cardiopulmonary bypass and again during closure of the sternotomy, with subsequent development of hyperthermia to 104°F and seizures, followed by cortical blindness. Twenty of the 63 survivors (32%) are receiving digitalis therapy.
The late clinical status of the survivors in relation to the preoperative presence of truncal valve regurgitation is given in table 10. The results for those with truncal regurgitation sufficiently significant to require special intraoperative management are suggestively worse (P = 0.078) than for patients having no or only mild truncal valve regurgitation.
Histologic evidence of microcalcification of the homograft tissue has been found on postmortem study as early as 56 days after the operation. Calcification of the homograft is roentgenologically evident in 35 patients (83% of those about whom data on this point are available) ( fig. 2) .
Postoperative cardiac catheterization, at least six months after repair, has been performed at this institution or elsewhere in 13 patients. Since recatheterization was not done in a systematic manner, and was also often carried out among patients in whom residual defects were suspected, relevant observations with respect to the overall series of patients cannot be made.
Discussion
Experimental animal work6', 17 followed by successful clinical application"' has proven that the surgical repair of truncus arteriosus can be achieved by repairing the ventricular septal defect and restoring anatomic continuity between the right ventricle and the pulmonary artery or arteries. The early and late risks of this type of operation are of such magnitude that the advisability of recommending repair must be considered carefully. This report attempts to identify factors that may relate to the early and late postoperative results.
The surgical risk is apparently not influenced by the always prevent the development of pulmonary vascular obstructive disease and is itself accompanied by a high risk.
With either approach, however, heart failure in infants is often significantly related to the presence of severe truncal valve regurgitation in addition to large pulmonary blood flow.20
The aortic homograft has provided a hemodynamically satisfactory conduit between the right ventricle and the pulmonary artery.21-28 Thus far, the only change noted has been the nearly uniform appearance of a thin layer of calcification in the media of the tubular portion of the graft, 21' 24 which is evident histologically as early as two months after the insertion. The incidence and rapidity of the appearance of calcification in aortic homografts appear to be related to the manner of preservation, which was accomplished by freezing and radiating the graft in this series. Stenosis of the homograft with progressive cardiac failure, requiring replacement of the homograft, has occurred in patients who underwent the Rastelli operation for correction of transposition of the great arteries with ventricular septal defect and pulmonary stenosis or of pulmonary atresia.24-25 However, the follow-up of the survivors of truncus repair has not shown any clinical disability related to progressive stenosis of the implanted aortic homograft and, to the time of this study, no patient with truncus arteriosus has required reoperation specifically because of stenosis of the homograft.
One late death was caused by massive mediastinal hemorrhage in the presence of an aneurysmal calcified homograft, and late morbidity related to the aortic homograft itself has been encountered in two patients. The first had dehiscence of the proximal anastomosis, and the second showed intraoperative evidence of an incompetent homograft valve.
Since It would be preferable to have data available from routine late postoperative recatheterization in order to achieve ideal evaluation of late results. The hemodynamic data collected from recatheterization in 13 selected patients of this series do not permit meaningful evaluation. Nevertheless, the observations that 88% of patients surviving the first postoperative month enjoy well-being after surgical repair and that currently the risk of operative mortality is 9% give much encouragement about the efficacy of the procedure. Therefore, assessment of suitability for operation, insofar as the status of the pulmonary resistance vessels is concerned, is not complicated in tetralogy by the additional feature of absence of one pulmonary artery. In truncus arteriosus, however, the pulmonary circuit is generally exposed to a pressure equal to that in the systemic circuit (the uncommon exception being the patient with stenosis at the pulmonary artery ostia), and as a result there is a tendency to develop tivity of the pulmonary arteriolar bed than does the total calculated pulmonary resistance value. Follow-up information suggests that the patient with single pulmonary artery may be at potentially high risk of continued progression of pulmonary vascular disease after surgical correction, possibly because of the postoperative obligatory increased flow through the single pulmonary arteriolar bed as a result of the entire cardiac output passing through it. Surgical correction of truncus arteriosus during infancy, before significant pulmonary vascular disease has developed, appears to be particularly desirable in this subgroup of patients with single pulmonary artery.
early severe pulmonary arteriolar changes. Thus, the hemodynamic assessment becomes critical in the selection of patients for corrective operation.
The criteria for operability are different for truncus associated with single pulmonary artery than for truncus associated with two pulmonary arteries. We wish to report our experience regarding selection for surgery of patients with truncus arteriosus and associated unilateral absence of a pulmonary artery and the early and late results that have been achieved in such patients.
Material and Methods
This report is concerned exclusively with types I and II truncus arteriosus as defined by Collett and Edwards,' conditions in which a single pulmonary artery arises or two pulmonary arteries arise from the truncus a short distance above the truncal valve. From August 1967 through
